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Abstract 
The Tarim Block is an important geologic unit in the reconstruction of the tectonic evolution 
of the Central Asian Orogenic Belt and the Precambrian Columbia and Rodinia 
supercontinents. In order to examine the evolution and crustal generation of the Tarim Block, 
we performed detrital zircon U–Pb dating and in situ Hf isotopic analysis of Devonian 
sandstones of the Baluntai area in Central Tianshan, which is part of the Tarim Block. Most 
analyzed zircon grains show oscillatory zoning and have Th/U ratios >0.4, suggesting that 
they were mainly derived from igneous rocks. A total of about 400 detrital zircon analyses 
yielded five age populations, namely, early Paleoproterozoic (peak at 2470 Ma), middle 
Paleoproterozoic (peak at 1858 Ma), early Mesoproterozoic (peak at 1541 Ma), early 
Neoproterozoic (peak at 952 Ma), and late Neoproterozoic (820–750 Ma). These peak ages 
are remarkably consistent with the polyphase tectonothermal events that occurred in the 
Tarim Block. The peak at 2470 Ma indicates the presence of late Neoarchean to early 
Paleoproterozoic magmatism in the Tarim Block. The two peaks at 1858 Ma and 952 Ma 
coincide with the two periods of assembly of the Columbia and Rodinia supercontinents. This 
further suggests that the Tarim Block was part of these two supercontinents. In fact, the age 
peak of 1541 Ma correlates with the breakup of Columbia, and the age range of 820–750 Ma 
is interpreted to represent the time of the breakup of Rodinia. 
The zircon Hf model ages suggest three major stages of crustal evolution at 1.0–1.4 Ga, 1.8–
3.3 Ga, and 3.4–3.8 Ga. The zircons exhibit a huge range of ɛHf(t) values from −33 to +51, 
suggesting that they were derived from highly diverse protoliths. However, since most detrital 
zircons show negative ɛHf(t) values, the protoliths of the Baluntai sandstones of Central 
Tianshan probably comprise rocks of Archean to Proterozoic crust. Owing to the similar 
Precambrian basement, lithology and age spectra between Central Tianshan and Tarim, it is 
argued that Central Tianshan belonged to the Tarim Block in the Precambrian time. 
Furthermore, euhedral zircons with high Th/U ratios (>0.4) yielded a prominent peak of 447 
Ma. This can be correlated with an early Paleozoic arc development in Central Tianshan. 
Keywords: Detrital zircon; U–Pb dating; Hf isotope composition; Precambrian tectonic evolution; 
Baluntai; Tarim Block 
 
1. Introduction 
The Central Asian Orogenic Belt (CAOB) was formed by amalgamation of a variety of 
terranes including Precambrian microcontinental fragments, Paleozoic to Mesozoic magmatic 
arcs, accretionary complexes, ophiolites and passive continental margins. These terranes have 
undergone subsequent polyphase tectonic evolution ( [Coleman, 1989] , [Sengör et al., 1993] , 
[Windley et al., 1990] , [Windley et al., 2007] , [Allen et al., 1993a] , [Allen et al., 1993b] , 
[Shu et al., 2002] , [Jahn, 2004] , [Jahn et al., 2004] , [Kroner et al., 2005] , [Charvet et al., 
2007] , [Xiao et al., 2002] , [Xiao et al., 2003] , [Xiao et al., 2008] and [Xiao and Kusky, 
2009] ). The nearly E-W-trending Tianshan Range (Fig. 1) is a gigantic Paleozoic orogenic 
belt in the southern margin of the CAOB. It connects the Tarim Block to the south and the 
Siberian Block to the north ( [Carroll et al., 1995] , [Gao et al., 1998] , [Shu et al., 2004] and 
[Shu et al., 2010] ). 
The crustal evolution of the Tianshan belt has not been well understood. Controversy exists 
on the tectonic affinity of Central Tianshan and its position in the Precambrian tectonic 
framework. Tectonic models abound, including the Central Tianshan as a rifting terrane from 
the Tarim Precambrian basement (Luo, 1989), as the eastern part of the Yili-Central Tianshan 
plate ( [Allen et al., 1993a] and [Qian et al., 2009] ), as a late Paleozoic volcanic arc (Chen et 
al., 1999a), a mantle-derived block at 2.0–1.8 Ga (Hu et al., 2000) and an independent 
continental block (Li et al., 2001). More recently, some workers suggested that the Central 
Tianshan terrane is a rifted part of the Tarim Block during the Precambrian period ( [Li, 1981] 
, [Zhu et al., 2004] and [Lei et al., 2011] ). 
Recently, major advancements in reconstructing the history of crustal growth and evolution 
for Central Tianshan have been achieved owing to plenty of precise zircon U–Pb dating data. 
The Weiya granodioritic gneiss from the eastern segment of Central Tianshan yielded a zircon 
U–Pb discordia upper intercept age of 1218 ± 17 Ma, which was interpreted as the 
emplacement age of the protolith granite (Liu et al., 2004). Two SHRIMP zircon U–Pb ages 
of 942 ± 7 Ma and 919 ± 6 Ma have been obtained from granitic gneisses in the Xingxingxia 
and Wenquan areas, respectively (Hu et al., 2010). Besides, Hu et al. (2006) determined an 
age of ca. 1.4 Ga for granodiorite in Xingxingxia. Later on, a zircon U–Pb dating age of 1.4 
Ga from the Bingdaban granite was reported by Chen et al. (2009). And Yang et al. (2007) 
demonstrated that the granitic plutons were developed at about 956 Ma, which intruded the 
Precambrian basement of Central Tianshan. More recently, three populations of inherited 
zircons trapped in the Xingxingxia granodiorite indicate that Neoproterozoic (809 ± 41 Ma), 
Mesoproterozoic (ca. 1400 Ma) and Paleoproterozoic (ca. 1750 Ma) tectonomagmatic events 
in Central Tianshan (Lei et al., 2011). 
Although Precambrian ages have been obtained for rocks from Central Tianshan, the available 
age data still cannot resolve the issue of the crustal evolution of the whole Central Tianshan. 
In order to better understand the Precambrian evolution of Central Tianshan, we chose to 
perform a comprehensive U–Pb dating of detrital zircons as well as Hf isotopic analyses of 
the dated zircon grains. We hope that the results would shed much light to identification of 
major tectonothermal or magmatic-metamorphic events in the protoliths of the sandstones. 
Recently, the age data histogram of detrital zircons has been frequently employed to infer the 
provenance characteristics of the protolith and tectonic events in the source regions ( 
[Bruguier et al., 1997] , [Iizuka et al., 2005] , [Rino et al., 2008] , [Condie et al., 2009] , [Yu 
et al., 2008] , [Yu et al., 2010] , [Xiang and Shu, 2010] and [Yao et al., 2011] ). 
2. Geological background 
The Chinese Tianshan belt is divided into three parts (Fig. 1), namely, the Northern Tianshan, 
Central Tianshan and Southern Tianshan. The Northern Tianshan is composed mainly of 
Carboniferous volcanic rocks, volcaniclastic rocks intercalated with sandy–muddy rocks. The 
Northern Tianshan belt is a late Paleozoic arc terrane ( [Gao et al., 1998] and [Wang et al., 
2008] ). 
The Central Tianshan belt consists of Precambrian basement rocks (Fig. 2) and is considered 
as part of the proto-Tarim block during Precambrian time ( [Gao et al., 1998] , [Charvet et al., 
2007] , [Shu et al., 2010] and [Shu et al., 2011] ). Recent works ( [Shu et al., 2002] , [Charvet 
et al., 2007] and [Wang et al., 2007] ) suggested that Central Tianshan drifted away from the 
Tarim Block during middle Cambrian time, leading to the occurrence of the South Tianshan 
ocean. In the late Cambrian-Silurian, due to the southward subduction of the Tianshan ccean 
beneath the Tarim Block, an early Paleozoic Central Tianshan arc was formed on the 
Precambrian basement, and a Southern Tianshan back-arc basin developed to the south of the 
Central Tianshan arc. Central Tianshan was finally rewelded to the Tarim Block with the 
closure of the South Tianshan ocean during Silurian time. 
The Southern Tianshan belt (Fig. 3) is situated in the southern margin of the CAOB. It has almost the 
same early Cambrian carbonate assemblages as those of Central Tianshan. However, Southern 
Tianshan comprises late Cambrian to Ordovician sedimentary rocks (sandstone, greywacke, mudstone 
and limestone) intercalated with volcanic rocks. This lithological assemblage is quite different from 
the arc-related volcanic rocks of Central Tianshan. Southern Tianshan is separated from the Tarim 
Block to the south by the Xingdi fault and from the Central Tianshan belt to the north by the 
Hongliuhe-Baluntai-Heiyingshan fault. Southern Tianshan was considered as a back-arc basin ( [Shu 
et al., 2002] , [Charvet et al., 2007] and [Charvet et al., 2011] ) or South Tianshan ocean during early 
Paleozoic time ( [Windley et al., 1990] , [Xiao et al., 2008] , [Gao et al., 1998] and [Gao et al., 2009] ). 
The closure of the South Tianshan ocean might be a scissor-like process, starting from the east and 
ending in the west (Chen et al., 1999a). The South Tianshan ocean was completely closed in the late 
Carboniferous ( [Gao et al., 2009] and [Konopelko et al., 2009] ) as inferred from the age of ca. 320 
Ma of the Atbashi eclogites (Biske and Seltmann, 2010) and the post-collisional Permian magmatism ( 
[Konopelko et al., 2007] , [Ren et al., 2011] and [Wang et al., 2011] ). 
After the closure of the South Tianshan ocean, Central Tianshan was accreted to the Tarim 
Block, and the Southern Tianshan region received middle Devonian deposits from both the 
Tarim Block and Central Tianshan. 
The South China, North China and Tarim Blocks compose the tectonic framework of China 
(Fig. 1a) ( [Zhao and Cawood, 1999] , [Qiu et al., 2000] , [Zhao, 2001] , [Zhao et al., 2001] , 
[Zhao et al., 2005] , [Zhao et al., 2010] , [Wilde and Zhao, 2005] , [Faure et al., 2007] , [Lu et 
al., 2008a] , [Lu et al., 2008b] , [Sun et al., 2009] , [Wang et al., 2010a] , [Yu et al., 2010] , 
[Jahn, 2011] and [Shu et al., 2011] ). The Tarim Block occupies an area about 550,000 km
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and its major part (more than 80%) is covered by Cenozoic desert. This block was affected by 
a Permian rift-type bimodal volcanism (mafic dykes, granites and syenites). A-type rapakivi 
granites crop out in the northern margin of Tarim ( [Carroll et al., 1995] , [Pirajno et al., 2008] 
, [Shu et al., 2010] , [Zhang et al., 2010a] and [Zhang et al., 2010b] ). 
Paleoproterozoic and Neoarchean schist, gneiss and TTG suite (tonalite, trondhjemite and 
granodiorite) are scattered in the Altyn Tagh and Tieklik areas ( [Zhang et al., 2007b] and [Lu 
et al., 2008a] ), and in the Kuruqtagh area ( [Shu et al., 2010] , [Shu et al., 2011] , [Long et al., 
2010] , [Long et al., 2011a] , [Cao et al., 2011] and [Zhu et al., 2011a] ) (Fig. 2). Voluminous 
Neoproterozoic weakly metamorphosed rocks (slate-phyllite, meta-igneous rocks), and 
Mesoproterozoic or locally Paleoproterozoic-Archean schists, gneisses and amphibolites are 
exposed in the E-W-trending Kuruqtagh domain located in the NE margin of Tarim. These 
rocks form the Precambrian basement of Tarim ( [Gao et al., 1993] , [Guo et al., 2003] and 
[Zhu et al., 2010] ). 
A diorite core of 35 m thick was recovered from a drilling at a depth of >7000 m beneath the 
central Tarim desert. The rock was considered as part of the Precambrian basement, and was 
dated at 790 ± 22 Ma by the Ar–Ar method on hornblende grains (Guo et al., 2005). 
Previous geochronological data from the TTG gneisses and other rocks in the Kuruqtagh, 
Altyn Tagh and Tieklik areas suggest that the basement of the Tarim Block formed in several 
periods at 2.65–2.45 Ga, 2.0–1.8 Ga, 1.1–0.9 Ga and 0.83–0.63 Ga ( [Hu et al., 2000] , [Lu 
and Yuan, 2003] , [Zhu et al., 2008] , [Lu et al., 2008a] , [Shu et al., 2010] and [Long et al., 
2011b] ). 
Four diamictite deposits related to the Neoproterozoic glaciations ( [Xu et al., 2003] , [Xu et 
al., 2005] and [Xu et al., 2009] ) are well preserved. A continental rift environment in the 
Neoproterozoic is documented by various 830–630 Ma magmatic rocks in the northern Tarim 
Block, probably resulting from the break-up of Rodinia ( [Chen et al., 2004] , [Huang et al., 
2005] , [Zhang et al., 2006] , [Zhang et al., 2007a] , [Zhu et al., 2008] , [Zhu et al., 2011a] and 
[Zhu et al., 2011b] ). 
Though much is known about the Precambrian tectonic evolution of the Tarim Block owing 
to the abundant precise geochronological data, the situation in Central Tianshan is poorly 
known due to the lack of precise isotopic age data. 
In this work, five samples collected from the Devonian sandstones and greywackes from 
Baluntai (northern margin of Southern Tianshan) have been used for zircon U–Pb dating and 
in situ Hf isotopic analysis. The locations of these samples are shown in Fig. 3 and their 
petrographic features are shown in Fig. 4 and Table 1. 
3. Analytical methods 
Separation of zircon grains was performed using the conventional techniques including heavy 
liquids, magnetic separator and hand-picking under a binocular microscope fitted with a UV 
light. Zircon grains were mounted in epoxy disks, polished to expose the half-sections of 
zircon grains, and then coated with gold. Prior to analytical work, polished surfaces were 
photographed in transmitted and reflected lights to reveal internal structures. 
3.1. Scanning electron microprobe 
Cathodoluminescence (CL) images of the zircons were obtained with a Mono CL3+ (Gatan, 
USA) attached to an electron microscope (Quanta 400 FEG) at the State Key Laboratory of 
Continental Dynamics at Northwest University, Xi’an. These images were used to select the 
positions for LA-ICPMS analyses. 
3.2. U–Pb dating 
Zircon U–Pb isotopic analysis was carried out at the State Key Laboratory for Mineral 
Deposits Research, Nanjing University (NJU), using an Agilent 7500a ICP-MS attached to a 
New Wave 213 nm laser ablation system with an in-house sample cell. He carrier gas was 
used to transport the ablated sample from the standard laser-ablation cell, and then mixed with 
Ar gas via a mixing chamber before entering into the ICP-MS torch. All analyses were carried 
out using a beam spot size of 24 μm and a laser frequency of 5 Hz and 60% energy, which 
produce an energy density of 0.121 J/cm
2
. Isotope mass fractionation was normalized using an 




Pb age of 608.5 ± 1.5 Ma; Jackson et al., 2004) and 
analytical accuracy was monitored using zircon standards Mud Tank (intercept age of 732 ± 5 
Ma; Black and Gulson, 1978). 
Zircon samples were analyzed in runs of 15 analyses which included 5 zircon standards and 
up to 10 sample points. U–Pb ages were calculated from the raw signal data using the on-line 
software package GLITTER (ver. 4.4) (www.mq.edu.au/GEMOC). Because 
204
Pb could not 
be measured due to low signal and interference from 
204
Hg in the gas supply, common lead 
correction was carried out using the EXCEL program ComPbCorr#3–15G (Andersen, 2002). 
However, no analysis has been corrected effectively because of the concordance between 
different U–Th–Pb isotopic ratios and the very low common lead. A total of 400 groups of 
LA-ICPMS U–Pb isotopic ages from five samples are listed in Table 2. The spots of the age 
concordance lower than 90% such as spots 681-38, 681-51, 681-72 and 685-50 are deleted 




U is of minor abundance in the U–Pb isotopic system of zircon, much less 207Pb is 
















U ages were used, especially for young zircon. 




U age commonly underestimates actual age due 





















Pb ages for the older ones. Zircons with 
discordance >10% were discarded. 
Th and U concentrations of zircons were calculated according to the comparison of relative 
signal intensity between the standard zircon GJ-1 (Th = 8 ppm, U = 330 ppm) and zircon 
samples using the EXCEL program Data Templatev2b from GEMOC. All of the U–Th–Pb 
age calculations and plotting of concordia diagrams were made using the ISOPLOT/Ex 
program (ver. 2.49) (Ludwig, 2001). Detailed analytical procedures are similar to those 
described by Griffin et al. (2004), Wang et al. (2010b) and Shu et al. (2010). 
3.3. Hf-isotope analyses 
Zircon Hf isotope analyses were carried out in situ using a Nu Plasma HR MC-ICP-MS (Nu 
Instruments Ltd, HK) coupled with Geolas 2005 laser ablation system equipped with a 193 
nm ArF-excimer laser, with a spot size of 44 μm and a repetition rate of 10 Hz, at the State 
Key Laboratory of Continental Dynamics, Northwest University, Xi’an. The analytical 
procedures are similar to those described by Yuan et al. (2008). Zircon 91500 was used as the 




Hf ratio of 0.282295 ± 0.000027 (n = 14, 
2σ). The model ages were computed under the assumption that the 176Lu/177Hf of average 








Hf ratios of chondrite and depleted mantle at 
the present are 0.282772 and 0.0332, 0.28325 and 0.0384 ( [Blichert-Toft and Albarede, 
1997] , [Vervoort et al., 1999] and [Griffin et al., 2004] ). 
176Lu decay constant of 1.865E−11 
(Scherer et al., 2001) was used for the model age calculation. 
The model age (TDM) provides only a minimum age for the source material of the magma 
from which the zircon crystallized. Therefore we have also calculated the crustal model age 





Hf = 0.015) which was originally derived from the depleted mantle. 
The U–Pb age and REE data on zircons used for Hf isotope analysis were also collected. U, 
Th and Pb concentrations were calibrated by using 
29
Si as the internal calibrant. 
4. Analysis results 
4.1. Zircon CL images 
The representative CL images of the studied zircons together with spot ages are shown in Fig. 
5. Four types of zircons are recognized. Type-I zircons are characterized by euhedral shape 
(681-25, 684-31), implying a near-source region; Type-II zircons are subhedral, exhibiting 
clear oscillatory zoning (682-54, 685-48); Type-III zircons show rounded grain morphology 
(682-72, 683-09), indicating that they have experienced long-distance transportation and 
abrasion; and Type-IV zircons show rounded-to-subrounded morphology, simultaneously 
featured by an anhedral inherited core with a narrow rim (681-01, 683-84). Generally, the 
structures of zircons with ages of <650 Ma are nearly euhedral, whereas the zircons with ages 
of >650 Ma are mainly subhedral to rounded, particularly the inherited cores (e.g. spots 682-
18 and 683-61 in Fig. 5). 
4.2. U–Pb dating 
About 80 detrital zircon grains from each of the five samples (#681, 682, 683, 684 and 685) 
were analyzed. The results yielded a wide range of ages from 369 to 3663 Ma (Fig. 6), 
indicating multiple sources for the zircons and a great variety of rocks in the source areas. 
However, the data seem to fall in six major age populations: 2530–2380 Ma, 1900–1790 Ma, 
1600–1500 Ma, 1000–900 Ma, 820–750 Ma and 480–410 Ma (Fig. 7), with peaks at ∼2470 
Ma, ∼1858 Ma, ∼1541 Ma, ∼952 Ma, ∼820–750 Ma, and ∼447 Ma (Fig. 8), respectively. 
On the frequency diagram of concordant ages, the largest age peak appears at 447 Ma, and the 
others occur at 952 Ma, 820–750 Ma and 2470 Ma. The age peaks at about 1541 Ma and 1858 
Ma are also visible. 
Of the 400 analyses, 37 spots gave concordant ages of >2500 Ma, of which 7 are >3000 Ma, 
with one at 3663 ± 38 Ma. Consequently, the presence of an Eoarchean source is evident. 
4.3. Th/U ratios of zircons 
The Th/U ratios of zircons have been commonly used to assess their origins (Maas et al., 
1992). Generally, zircons with high Th/U ratios (>0.4) are considered to be magmatic, 
whereas those with low Th/U ratios (<0.1) are likely metamorphic ( [Kinny et al., 1990] , 
[Zhao et al., 2002a] , [Zhao et al., 2008] and [Corfu et al., 2003] ). In this study, most detrital 
zircons have Th/U ratios >0.4 (Table 2). Of about 400 zircon grains, 343 have Th/U ratios 
>0.4, and 54 <0.4, and only 10 <0.1 (Fig. 9). Because the majority of the zircons (ca. 86%) 
appear to be magmatic, the zircon ages obtained offer a valuable constraints on the crustal 
evolution of the study region. 
4.4. REE geochemistry of zircons 
The REE patterns of zircons are useful to study the origins of zircons. It has been found that 
zircons of magmatic origin have remarkable positive Ce anomalies, negative Eu anomalies, 
HREE enrichment relative to LREE, and steep-rising REE patterns. By contrast, metamorphic 
zircons show marked depletion of HREE, characterized by flat MREE-HREE patterns without 
negative Eu anomaly, particularly when garnet is present in the rocks ( [Schaltegger et al., 
1999] , [Hoskin and Ireland, 2000] , [Hoskin et al., 2000] , [Belousova et al., 2002] , [Rubatto, 
2002] , [Whitehouse and Platt, 2003] and [Hoskin and Schaltegger, 2003] ). 
Furthermore, the abundance and ratios of REE have been shown to be related to source rock 
types and crystallization environments ( [Heaman et al., 1990] and [Belousova et al., 2002] ). 
Hinton and Upton (1991) and [Belousova et al., 1998] and [Belousova et al., 2002] reported 
that mantle-derived zircons have a flat REE pattern and lower REE abundances (<50 ppm) 
than crustal zircons. 
Variations in Ce and Eu anomalies have also been used to interpret specific crystallization 
conditions of zircons. Zircons that lack a positive Ce anomaly are known only from lunar 
samples forming under highly reducing conditions (Ireland and Wlotzka, 1992), whereas 
zircons that lack a negative Eu anomaly have been interpreted as having formed in 
plagioclase-absent assemblages, including kimberlite, syenite and eclogite ( [Belousova et al., 
1998] , [Rubatto, 2002] and [Bingen et al., 2004] ). 
In this study, REE compositions of 31 zircons have been determined (Table 3), all of which 
are enriched in heavy REE (HREE), and show negative Eu anomalies. As illustrated in Fig. 
10, two types of zircon REE patterns can be recognized. Type I zircons display remarkable 
positive Ce anomalies, negative Eu anomalies and HREE enrichment relative to LREE, which 
are typical of magmatic zircons. Type II zircons show little or no positive Ce anomalies, 
suggesting their metamorphic origin. 
Based on the Eu/Eu* and Ce/Ce* ratios of zircons (Fig. 11), we conclude that these zircons were 
derived from different source rock types and crystallization environments. Moreover, two zircons of 
mafic rocks have been found, and there are only few examples in the literature ( [Belyatsky et al., 
2008] and [Kostitsyn et al., 2009] ). 
4.5. Hf isotopic composition 





ratios, expressed in ɛHf(t) values, show a wide range even within a single age populations. 
Most zircons have negative ɛHf(t) values (85 out of 120), and only 35 grains have positive 
ɛHf(t) values, suggesting that most of them were derived from reworked Precambrian crust. 
However, even within single age populations, the zircons show positive and negative ɛHf(t) 
values (Fig. 12A). For example, zircons with ages about 2.5 Ga have ɛHf(t) of +42 to −16, and 
those of ∼0.95 Ga have ɛHf(t) of +11 to −33 (Table 4). This suggests that these zircons have 
diverse origins or different magmatic protoliths of similar age. Based on the distribution of the 
Hf model ages, three major stages of crustal evolution may be revealed at 1.0–1.4 Ga, 1.8–3.3 
Ga and 3.4–3.8 Ga (Fig. 12B). In addition, one analysis yielded a crustal model age (TDM2) of 
4230 Ma. 
5. Discussion 
5.1. Provenance of the Devonian sandstones 
The age spectra of detrital zircons from the Devonian sandstones in Baluntai reveal that 
zircons of Precambrian ages came mainly from magmatic rocks of the three periods: 2530–
2380 Ma, 1900–1790 Ma, and 1000–900 Ma (Fig. 7 and Fig. 8). The first period (2530–2380 
Ma) corresponds to the Paleoproterozoic-Archean schists, gneisses, amphibolites and TTG 
rocks in the Kuruqtagh, Altyn Tagh and Tieklik massives of Tarim ( [Gao et al., 1993] , [Guo 
et al., 2003] , [Zhang et al., 2007b] , [Shu et al., 2010] , [Long et al., 2010] , [Long et al., 





of crystallization of magmatic zircons: 2469 ± 12 Ma (gneissic granite, n = 17) and 2470 ± 24 
Ma (diorite, n = 17) in the Kuruqtagh area. 
The rounded Archean zircons suggest a long-distance transport. Moreover, no Archean 
tectonic activity has been recorded in Central Tianshan, thus we consider that zircons of 
2530–2380 Ma ages in Baluntai were likely derived from the Tarim Block. 
Regarding the second population of ca. 1900–1790 Ma, Paleoproterozoic magmatic rocks 
have been reported from the Tarim Block, thus the period is considered as an important time 
of crustal growth in Central Tianshan (Hu et al., 2000). In addition, Shu et al. (2010) 
determined an age peak of 1870 Ma for magmatic zircons in the Kuruqtagh massif in NE 
Tarim. These suggest that the analyzed zircons with middle Paleoproterozoic ages were 
sourced from both Tarim and Central Tianshan. 
Detrital zircons with ages of ca. 1600–1500 Ma are markedly subrounded or rounded. We 
infer that both Central Tianshan and Tarim were the provenances of these detrital zircons. The 
direct evidence for synchronous magmatic rocks or contemporaneous deformational events 
have not yet been found in the two areas, and a possible interpretation is that the source rocks 
have now been eroded and reworked, or were deeply buried. 
A prominent period from 1000 to 900 Ma can be singled out in the age spectra. The 
population of 1000–900 Ma is considered to mark an important tectonic episode for Tarim 
and Central Tianshan ( [Lu et al., 2008a] , [Zhang et al., 2009a] and [Shu et al., 2010] ). As 
reported by Hu et al. (2010), two zircon U–Pb ages of 942 ± 7 Ma and 919 ± 6 Ma have been 
determined for gneissic granites from Central Tianshan. In fact, magmatic and metamorphic 
ages of ca. 1.1–0.9 Ga are abundantly recorded in the Tarim Block. The 0.9–1.0 Ga 
metamorphic event recognized in the northern Kunlun Orogen (SW Tarim) has been 
interpreted as a result of the response of the Tarim Block to the assembly of Rodinia (Zhang 
et al., 2007c). Guo et al. (2005) obtained zircon ages of 890–932 Ma for a granodiorite drilled 
core (7200 m depth) from the desert of the central Tarim Block. Therefore, we conclude that 
Central Tianshan and the Tarim Block were the sources for the zircons with ages around 0.95 
Ga. 
The Tarim Block has been regarded as a component of Rodinia, and its break-up from 
Rodinia is considered to have occurred during the Meso-Neoproterozoic time ( [Li et al., 
2003a] and [Huang et al., 2005] ). The zircons with U–Pb ages of 821 ± 11 Ma, 798 ± 8 Ma 
and 707 ± 7 Ma have been obtained for the gneisses of Central Tianshan (Chen et al., 1999b). 
This age range is similar to that of the widely exposed Kuruqtagh diabase dyke swarms, 
which were dated at 824 ± 9 Ma, 777 ± 9 Ma and 760 ± 6 Ma (SHRIMP U–Pb zircon ages) ( 
[Zhang et al., 2009a] , [Zhang et al., 2009b] and [Zhang et al., 2011] ). Similar ages 806 ± 8 
Ma and 798 ± 7 Ma for granites (LA-ICPMS zircon ages) were reported by Shu et al. (2010). 
The age spectra shown in Fig. 8 revealed a prominent age peak at 447 Ma. These zircons have 
euhedral shape (Fig. 5), so they were likely derived from a nearby source. We argue that the 
provenance of these zircons was Central Tianshan based on the two facts: (1) no early 
Paleozoic magmatism occurred in the Tarim Block, and (2) Central Tianshan was an 
Ordovician island arc, as evidenced by the 432 ± 1 Ma and 435 ± 2 Ma Weiya granulite ( 
[Shu et al., 2004] and [Charvet et al., 2007] ) and ∼430 Ma Jingbulake mafic-ultramafic 
intrusion in Western Tianshan (Yang and Zhou, 2009), and zircon with age of 456.2 ± 0.6 Ma 
from the Baluntai granite (Han et al., 2004). Hopson et al. (1989) also reported a 435 Ma 
Silurian granite from Central Tianshan. 
In summary, except the age peaks of 447 Ma (Central Tianshan) and 2470 Ma (Tarim), other 
populations of detrital zircons from the Baluntai sandstones were sourced from both Central 
Tianshan and Tarim Block. 
5.2. Evolution of the provenance of the Southern Tianshan belt 
As mentioned above, Central Tianshan was a member of the proto-Tarim block in the 
Precambrian, and was rifted away from Tarim during middle Cambrian time. In the Silurian, 
collision between the Central Tianshan arc and the Tarim Block occurred due to the closure of 
the South Tianshan ocean, forming the Central-Southern Tianshan orogen. U–Pb dating of 
detrital zircons from Baluntai provides a broad view of the Precambrian geodynamic history 
and crustal evolution of the study area. 
Archean to Paleoproterozoic igneous rocks sporadically occurred in the Tarim Block ( [Hu 
and Rogers, 1992] and [XBGMR, 1999] ). The available age data indicate that the Tarim 
Block underwent an intense Neoarchean to Paleoproterozoic magmatic event, represented by 
2.5–2.7 Ga TTG suites and TIMS U–Pb ages of zircons of ∼2.5 Ga for lasurquarz-bearing 
gneiss (Lu, 1992), and 2492 ± 19 Ma for amphibolite in the Kuruqtagh area (Guo et al., 





Pb ages of 2534 ± 19 Ma (potassic granite) and 2602 ± 27 Ma 
(tonalite), indicating that these rocks were mainly emplaced at 2.6–2.5 Ga (Zhang et al., 
2007b). More recently, Long et al. (2010) obtained a U–Pb age of 2516 ± 6 Ma from TTG 
suite in Kuruqtagh, which display typical geochemical features of an island arc tectonic 
setting. Furthermore, Shu et al. (2010) reported the U–Pb ages of 2469 ± 12 Ma for gneissic 
granite and 2470 ± 24 Ma for meta-diorite from Kuruqtagh, reflecting that a marked 
tectonomagmatic event took place in the early Paleoproterozoic. 
Considering the negative ɛHf(t) values for most zircons with ages of 2530–2380 Ma, the early 
Paleoproterozoic rocks in Tarim were likely derived from reworking of the Archean crust. A 
minor amount of zircons with positive ɛHf(t) values suggest the presence of some juvenile 
crust. 
The 1.9–1.8 Ga tectonomagmatic event in the proto-Tarim block is inferred from the age 
population of 1900–1790 Ma (peak at 1858 Ma) (Fig. 8). In both northeastern (Kuruqtagh) 
and southeastern (Altyn) parts of Tarim, Mesoproterozoic greenschist facies strata 
unconformably overlie the Paleoproterozoic amphibolite facies khondalites ( [XBGMR, 1993] 
and [Feng et al., 1995] ). In the Altyn Tagh and Tieklik areas of the Tarim Block, 
metamorphic zircons yielded SHRIMP U–Pb ages of 2.0–1.8 Ga (Zhang et al., 2007b). Most 
recently, Shu et al. (2010) obtained an age peak of 1870 Ma for magmatic zircons from the 
rocks in Kuruqtagh. All these suggest that like Laurentia, North China, Baltica, Antarctica, 
Amazonia, India, West Africa, South Africa and Australia ( [Daly et al., 2001] , [Hanski et al., 
2001] , [Wilde et al., 2002] , [Kroner et al., 2005] , [Santosh et al., 2004] , [Santosh et al., 
2006] , [Zhao et al., 2002b] , [Zhao et al., 2003] , [Zhao et al., 2004] , [Zhao et al., 2009] , 
[Rogers and Santosh, 2002] , [Rogers and Santosh, 2009] , [Hou et al., 2008] , [Kusky and 
Santosh, 2009] and [Santosh, 2010] ), the Tarim Block also underwent a tectonothermal event 
at 1900–1790 Ma, broadly coincident with the global collisional events that led to the 
assembly of the Columbia supercontinent ( [Zhao et al., 2002b] , [Zhao et al., 2002c] and 
[Zhao et al., 2004] ). Therefore, the argument for the Tarim Block as a component of the 
Columbia supercontinent is further supported. 
The most characteristic feature of the global Mesoproterozoic geology is the widespread 
continental rifting and occurrence of anorogenic magmatism ( [Green, 1992] , [Tarney, 1992] 
, [Windley, 1993] and [Zhao et al., 2006] ). This could be related to mantle plume or 
asthenospheric upwelling. The Mesoproterozoic rifting event is considered to be equal to the 
breakup of Columbia ( [Rogers and Santosh, 2002] , [Zhao et al., 2002b] and [Zhao et al., 
2004] ). As a response to the breakup of Columbia, a Mesoproterozoic tectonomagmatic event 
took place, and it is likely represented by the zircon population of 1600–1500 Ma as revealed 
in the studied area (Fig. 8). However, direct evidence has not been found in Tarim or Central 
Tianshan. 
The age population of 1000–900 Ma (peak at 952 Ma; Fig. 8) might indicate an event related 
to the Grenville orogeny in Central Tianshan and Tarim. The Grenville Orogeny (ca. 1300–
900 Ma) was widely known in Laurentia and East Antarctica (Hoffman, 1991), forming a 
global-scale orogenic belt that welded together the older continental blocks to form the 
Rodinia supercontinent (Li et al., 2008). 
Neoproterozoic gneisses occur in Tianshan of Kyrgyzstan (Brookfield, 2000). It could be a 
fragment of Tarim. Two zircon U–Pb ages of 942 ± 7 Ma and 919 ± 6 Ma from gneissic 
granites have been reported in Central Tianshan (Hu et al., 2010). Zhang et al. (2007c) 
reported a metamorphic zircon age of 0.9–1.0 Ga for paragneisses from the northern Kunlun 
Orogen, SW Tarim. The authors interpreted the age as a result of the response of the Tarim 
Block to the convergence of Rodinia. Ages of 890–932 Ma were reported for granodiorites 
from the central Tarim Block beneath the desert about 7200 m by Guo et al. (2005). Relevant 
dating data also include (1) the late Mesoproterozoic to early Neoproterozoic amphibolite 
facies metamorphic rocks with 
40
Ar–39Ar ages at 1050–1020 Ma, (2) the tightly folded 
metamorphic rocks with metamorphic zircon U–Pb ages of 1000–900 Ma along the 
southwestern margin of the Tarim (Zhang et al., 2009a), and (3) the magmatic zircons with an 
age of 933 ± 11 Ma in the Kuruqtagh foliated granite (Shu et al., 2010). Most recently, Cao et 
al. (2011) recognized Neoproterozoic granites in the Kuruqtagh area. Therefore, the age peak 
of 952 Ma may represent the record of the assembly of Rodinia in the Tarim Block. 
The break-up of Rodinia seems to have been taken place in the middle Neoproterozoic 
(Rogers and Santosh, 2003), initiated by a mantle plume upwelling ( [Park et al., 1995] , 
[Wingate et al., 1998] , [Li et al., 2003a] and [Li et al., 2003b] ). The most typical 
characteristics of the breakup of supercontinent are the emplacement of continental flood 
basalt, mafic dyke swarms and rift sequences, as well as large igneous provinces (LIPs) ( 
[Cox, 1978] , [Richards et al., 1989] , [Campbell and Griffiths, 1990] and [Ernst et al., 2008] 
). Our detrital zircon dating shows a cluster of middle Neoproterozoic ages (820–750 Ma). 
This result might be a fingerprint of the breakup event in the Tarim Block. 
Diabase dyke swarms, alkaline igneous complexes and bimodal volcanic rocks crop out 
widely around the Tarim Block (Liou et al., 1996). Mafic-ultramafic and felsic intrusions 
(bimodal igneous complex) at 825–800 Ma have also been reported, including a 825 Ma 
bimodal igneous complex in Kuruqtagh (NE Tarim) (Zhang et al., 2007a), a late 
Neoproterozoic rift-basin in the northwest Tarim (Turner, 2010), a 807 ± 12 Ma dyke swarm 
in Aksu (NW Tarim) ( [Chen et al., 2004] and [Liou et al., 1996] ) and a 783 ± 10 Ma bimodal 
intrusion in Kudi (SW Tarim) (Zhang et al., 2006). 
The present geochronological data and available geological information allow us to conclude 
that the breakup of the Tarim Block from Rodinia was a protracted tectonic process. 
5.3. Position of the Tarim Block in the Precambrian supercontinents 
For a better understanding of the affinity of the Tarim Block with other major continents, the 
Precambrian age distributions of ancient blocks around the world are compared and shown in 
Fig. 13. The tectonic event of ca. 450 Ma is not discussed here as it is not relevant to the 
Precambrian reconstruction of Tarim. 
5. Discussion 
5.1. Provenance of the Devonian sandstones 
The age spectra of detrital zircons from the Devonian sandstones in Baluntai reveal that 
zircons of Precambrian ages came mainly from magmatic rocks of the three periods: 2530–
2380 Ma, 1900–1790 Ma, and 1000–900 Ma (Fig. 7 and Fig. 8). The first period (2530–2380 
Ma) corresponds to the Paleoproterozoic-Archean schists, gneisses, amphibolites and TTG 
rocks in the Kuruqtagh, Altyn Tagh and Tieklik massives of Tarim ( [Gao et al., 1993] , [Guo 
et al., 2003] , [Zhang et al., 2007b] , [Shu et al., 2010] , [Long et al., 2010] , [Long et al., 





of crystallization of magmatic zircons: 2469 ± 12 Ma (gneissic granite, n = 17) and 2470 ± 24 
Ma (diorite, n = 17) in the Kuruqtagh area. 
The rounded Archean zircons suggest a long-distance transport. Moreover, no Archean 
tectonic activity has been recorded in Central Tianshan, thus we consider that zircons of 
2530–2380 Ma ages in Baluntai were likely derived from the Tarim Block. 
Regarding the second population of ca. 1900–1790 Ma, Paleoproterozoic magmatic rocks 
have been reported from the Tarim Block, thus the period is considered as an important time 
of crustal growth in Central Tianshan (Hu et al., 2000). In addition, Shu et al. (2010) 
determined an age peak of 1870 Ma for magmatic zircons in the Kuruqtagh massif in NE 
Tarim. These suggest that the analyzed zircons with middle Paleoproterozoic ages were 
sourced from both Tarim and Central Tianshan. 
Detrital zircons with ages of ca. 1600–1500 Ma are markedly subrounded or rounded. We 
infer that both Central Tianshan and Tarim were the provenances of these detrital zircons. The 
direct evidence for synchronous magmatic rocks or contemporaneous deformational events 
have not yet been found in the two areas, and a possible interpretation is that the source rocks 
have now been eroded and reworked, or were deeply buried. 
A prominent period from 1000 to 900 Ma can be singled out in the age spectra. The 
population of 1000–900 Ma is considered to mark an important tectonic episode for Tarim 
and Central Tianshan ( [Lu et al., 2008a] , [Zhang et al., 2009a] and [Shu et al., 2010] ). As 
reported by Hu et al. (2010), two zircon U–Pb ages of 942 ± 7 Ma and 919 ± 6 Ma have been 
determined for gneissic granites from Central Tianshan. In fact, magmatic and metamorphic 
ages of ca. 1.1–0.9 Ga are abundantly recorded in the Tarim Block. The 0.9–1.0 Ga 
metamorphic event recognized in the northern Kunlun Orogen (SW Tarim) has been 
interpreted as a result of the response of the Tarim Block to the assembly of Rodinia (Zhang 
et al., 2007c). Guo et al. (2005) obtained zircon ages of 890–932 Ma for a granodiorite drilled 
core (7200 m depth) from the desert of the central Tarim Block. Therefore, we conclude that 
Central Tianshan and the Tarim Block were the sources for the zircons with ages around 0.95 
Ga. 
The Tarim Block has been regarded as a component of Rodinia, and its break-up from 
Rodinia is considered to have occurred during the Meso-Neoproterozoic time ( [Li et al., 
2003a] and [Huang et al., 2005] ). The zircons with U–Pb ages of 821 ± 11 Ma, 798 ± 8 Ma 
and 707 ± 7 Ma have been obtained for the gneisses of Central Tianshan (Chen et al., 1999b). 
This age range is similar to that of the widely exposed Kuruqtagh diabase dyke swarms, 
which were dated at 824 ± 9 Ma, 777 ± 9 Ma and 760 ± 6 Ma (SHRIMP U–Pb zircon ages) ( 
[Zhang et al., 2009a] , [Zhang et al., 2009b] and [Zhang et al., 2011] ). Similar ages 806 ± 8 
Ma and 798 ± 7 Ma for granites (LA-ICPMS zircon ages) were reported by Shu et al. (2010). 
The age spectra shown in Fig. 8 revealed a prominent age peak at 447 Ma. These zircons have 
euhedral shape (Fig. 5), so they were likely derived from a nearby source. We argue that the 
provenance of these zircons was Central Tianshan based on the two facts: (1) no early 
Paleozoic magmatism occurred in the Tarim Block, and (2) Central Tianshan was an 
Ordovician island arc, as evidenced by the 432 ± 1 Ma and 435 ± 2 Ma Weiya granulite ( 
[Shu et al., 2004] and [Charvet et al., 2007] ) and ∼430 Ma Jingbulake mafic-ultramafic 
intrusion in Western Tianshan (Yang and Zhou, 2009), and zircon with age of 456.2 ± 0.6 Ma 
from the Baluntai granite (Han et al., 2004). Hopson et al. (1989) also reported a 435 Ma 
Silurian granite from Central Tianshan. 
In summary, except the age peaks of 447 Ma (Central Tianshan) and 2470 Ma (Tarim), other 
populations of detrital zircons from the Baluntai sandstones were sourced from both Central 
Tianshan and Tarim Block. 
5.2. Evolution of the provenance of the Southern Tianshan belt 
As mentioned above, Central Tianshan was a member of the proto-Tarim block in the 
Precambrian, and was rifted away from Tarim during middle Cambrian time. In the Silurian, 
collision between the Central Tianshan arc and the Tarim Block occurred due to the closure of 
the South Tianshan ocean, forming the Central-Southern Tianshan orogen. U–Pb dating of 
detrital zircons from Baluntai provides a broad view of the Precambrian geodynamic history 
and crustal evolution of the study area. 
Archean to Paleoproterozoic igneous rocks sporadically occurred in the Tarim Block ( [Hu 
and Rogers, 1992] and [XBGMR, 1999] ). The available age data indicate that the Tarim 
Block underwent an intense Neoarchean to Paleoproterozoic magmatic event, represented by 
2.5–2.7 Ga TTG suites and TIMS U–Pb ages of zircons of ∼2.5 Ga for lasurquarz-bearing 
gneiss (Lu, 1992), and 2492 ± 19 Ma for amphibolite in the Kuruqtagh area (Guo et al., 





Pb ages of 2534 ± 19 Ma (potassic granite) and 2602 ± 27 Ma 
(tonalite), indicating that these rocks were mainly emplaced at 2.6–2.5 Ga (Zhang et al., 
2007b). More recently, Long et al. (2010) obtained a U–Pb age of 2516 ± 6 Ma from TTG 
suite in Kuruqtagh, which display typical geochemical features of an island arc tectonic 
setting. Furthermore, Shu et al. (2010) reported the U–Pb ages of 2469 ± 12 Ma for gneissic 
granite and 2470 ± 24 Ma for meta-diorite from Kuruqtagh, reflecting that a marked 
tectonomagmatic event took place in the early Paleoproterozoic. 
Considering the negative ɛHf(t) values for most zircons with ages of 2530–2380 Ma, the early 
Paleoproterozoic rocks in Tarim were likely derived from reworking of the Archean crust. A 
minor amount of zircons with positive ɛHf(t) values suggest the presence of some juvenile 
crust. 
The 1.9–1.8 Ga tectonomagmatic event in the proto-Tarim block is inferred from the age 
population of 1900–1790 Ma (peak at 1858 Ma) (Fig. 8). In both northeastern (Kuruqtagh) 
and southeastern (Altyn) parts of Tarim, Mesoproterozoic greenschist facies strata 
unconformably overlie the Paleoproterozoic amphibolite facies khondalites ( [XBGMR, 1993] 
and [Feng et al., 1995] ). In the Altyn Tagh and Tieklik areas of the Tarim Block, 
metamorphic zircons yielded SHRIMP U–Pb ages of 2.0–1.8 Ga (Zhang et al., 2007b). Most 
recently, Shu et al. (2010) obtained an age peak of 1870 Ma for magmatic zircons from the 
rocks in Kuruqtagh. All these suggest that like Laurentia, North China, Baltica, Antarctica, 
Amazonia, India, West Africa, South Africa and Australia ( [Daly et al., 2001] , [Hanski et al., 
2001] , [Wilde et al., 2002] , [Kroner et al., 2005] , [Santosh et al., 2004] , [Santosh et al., 
2006] , [Zhao et al., 2002b] , [Zhao et al., 2003] , [Zhao et al., 2004] , [Zhao et al., 2009] , 
[Rogers and Santosh, 2002] , [Rogers and Santosh, 2009] , [Hou et al., 2008] , [Kusky and 
Santosh, 2009] and [Santosh, 2010] ), the Tarim Block also underwent a tectonothermal event 
at 1900–1790 Ma, broadly coincident with the global collisional events that led to the 
assembly of the Columbia supercontinent ( [Zhao et al., 2002b] , [Zhao et al., 2002c] and 
[Zhao et al., 2004] ). Therefore, the argument for the Tarim Block as a component of the 
Columbia supercontinent is further supported. 
The most characteristic feature of the global Mesoproterozoic geology is the widespread 
continental rifting and occurrence of anorogenic magmatism ( [Green, 1992] , [Tarney, 1992] 
, [Windley, 1993] and [Zhao et al., 2006] ). This could be related to mantle plume or 
asthenospheric upwelling. The Mesoproterozoic rifting event is considered to be equal to the 
breakup of Columbia ( [Rogers and Santosh, 2002] , [Zhao et al., 2002b] and [Zhao et al., 
2004] ). As a response to the breakup of Columbia, a Mesoproterozoic tectonomagmatic event 
took place, and it is likely represented by the zircon population of 1600–1500 Ma as revealed 
in the studied area (Fig. 8). However, direct evidence has not been found in Tarim or Central 
Tianshan. 
The age population of 1000–900 Ma (peak at 952 Ma; Fig. 8) might indicate an event related 
to the Grenville orogeny in Central Tianshan and Tarim. The Grenville Orogeny (ca. 1300–
900 Ma) was widely known in Laurentia and East Antarctica (Hoffman, 1991), forming a 
global-scale orogenic belt that welded together the older continental blocks to form the 
Rodinia supercontinent (Li et al., 2008). 
Neoproterozoic gneisses occur in Tianshan of Kyrgyzstan (Brookfield, 2000). It could be a 
fragment of Tarim. Two zircon U–Pb ages of 942 ± 7 Ma and 919 ± 6 Ma from gneissic 
granites have been reported in Central Tianshan (Hu et al., 2010). Zhang et al. (2007c) 
reported a metamorphic zircon age of 0.9–1.0 Ga for paragneisses from the northern Kunlun 
Orogen, SW Tarim. The authors interpreted the age as a result of the response of the Tarim 
Block to the convergence of Rodinia. Ages of 890–932 Ma were reported for granodiorites 
from the central Tarim Block beneath the desert about 7200 m by Guo et al. (2005). Relevant 
dating data also include (1) the late Mesoproterozoic to early Neoproterozoic amphibolite 
facies metamorphic rocks with 
40
Ar–39Ar ages at 1050–1020 Ma, (2) the tightly folded 
metamorphic rocks with metamorphic zircon U–Pb ages of 1000–900 Ma along the 
southwestern margin of the Tarim (Zhang et al., 2009a), and (3) the magmatic zircons with an 
age of 933 ± 11 Ma in the Kuruqtagh foliated granite (Shu et al., 2010). Most recently, Cao et 
al. (2011) recognized Neoproterozoic granites in the Kuruqtagh area. Therefore, the age peak 
of 952 Ma may represent the record of the assembly of Rodinia in the Tarim Block. 
The break-up of Rodinia seems to have been taken place in the middle Neoproterozoic 
(Rogers and Santosh, 2003), initiated by a mantle plume upwelling ( [Park et al., 1995] , 
[Wingate et al., 1998] , [Li et al., 2003a] and [Li et al., 2003b] ). The most typical 
characteristics of the breakup of supercontinent are the emplacement of continental flood 
basalt, mafic dyke swarms and rift sequences, as well as large igneous provinces (LIPs) ( 
[Cox, 1978] , [Richards et al., 1989] , [Campbell and Griffiths, 1990] and [Ernst et al., 2008] 
). Our detrital zircon dating shows a cluster of middle Neoproterozoic ages (820–750 Ma). 
This result might be a fingerprint of the breakup event in the Tarim Block. 
Diabase dyke swarms, alkaline igneous complexes and bimodal volcanic rocks crop out 
widely around the Tarim Block (Liou et al., 1996). Mafic-ultramafic and felsic intrusions 
(bimodal igneous complex) at 825–800 Ma have also been reported, including a 825 Ma 
bimodal igneous complex in Kuruqtagh (NE Tarim) (Zhang et al., 2007a), a late 
Neoproterozoic rift-basin in the northwest Tarim (Turner, 2010), a 807 ± 12 Ma dyke swarm 
in Aksu (NW Tarim) ( [Chen et al., 2004] and [Liou et al., 1996] ) and a 783 ± 10 Ma bimodal 
intrusion in Kudi (SW Tarim) (Zhang et al., 2006). 
The present geochronological data and available geological information allow us to conclude 
that the breakup of the Tarim Block from Rodinia was a protracted tectonic process. 
5.3. Position of the Tarim Block in the Precambrian supercontinents 
For a better understanding of the affinity of the Tarim Block with other major continents, the 
Precambrian age distributions of ancient blocks around the world are compared and shown in 
Fig. 13. The tectonic event of ca. 450 Ma is not discussed here as it is not relevant to the 
Precambrian reconstruction of Tarim. 
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Fig. 1. : Simplified geological map of the Chinese Tianshan belt and cross-section (modified 
from [Shu et al., 2002] , [Zhao et al., 2005] , [Charvet et al., 2007] and [Wang et al., 2008] ). 
Numbers in circles refer to the main faults: 1, South Tianshan fault (STF); 2, Baluntai fault; 3, 
Qingbulak-Nalati fault (QNF); 4, Main Tianshan shear zone (MTSZ); 5, North Tianshan fault 
(NTF). 
 Fig. 2.  :Columns of petrological features in both the Tarim Block and the Central Tianshan 
belt. 
  
Fig. 3. : Geological map and cross-section of the Baluntai area showing the sampling sites. 1, 
Baluntai fault; 2, Main Tianshan shear zone. 
  
Fig. 4. : Representative field photos along the Baluntai section and the related 
photomicrographs used for zircon geochronology. (A) Sample 681, Devonian greywacke; (B) 
photomicrograph (crossed nicols) of sample 681; (C) Sample 682, Devonian greywacke; (D) 
photomicrograph (crossed nicols) of sample 682; (E) Sample 685, Devonian arkose; (F) 
photomicrograph (crossed nicols) of sample 685. 
 
Table 1. Petrological features of five dating samples. 
Sample 681 682 683 684 685 
Location Southern Tianshan 
Coordinate 42°27′18.62″N 42°28′10.84″N 42°28′51.31″N 42°29′41.41″N 42°30′12.47″N 
 86°14′26.85″E 86°14′02.67″E 86°14′51.45″E 86°14′54.11″E 86°15′48.54″E 











Structure Massive Massive Massive Massive Massive 
Mineralogy Quartz (70%), rock 
fragments (15%), 
feldspar (10%), 





Quartz (70%), rock 
fragments (15%), 
feldspar (10%), 





Quartz (65%), rock 
fragments (10%), 
feldspar (15%), 





Quartz (65%), rock 
fragments (10%), 
feldspar (15%), 
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498 ± 35 503 ± 9 501 ± 4 323 490 0.66 100 
 
  
Fig. 5. : Cathodo-luminescence images of detrital zircons in sandstones from Baluntai. Type-
I, zircons are characterized by euhedral shape; Type-II, zircons are subhedral, exhibiting clear 
oscillatory zoning; Type-III, zircons show rounded grain morphology; Type-IV, zircons show 
rounded-subrounded grain morphology, and featured by an anhedral inherited core with a 
narrow rim. 
 Fig. 6.  :U–Pb concordia plots for detrital zircons from sandstones in Baluntai (age is in Ma 
and ellipse shows 1σ errors; n represents numbers of analyzed zircon grains). 
 Fig. 7. : Relative U–Pb age probability for detrital zircons from sandstones in Baluntai. 
  
Fig. 8.  :Distribution of zircon U–Pb ages from the five samples. 
  
Fig. 9.  :Th–U plots of zircons from all studied samples. As shown in the diagram, 343 
zircons show Th/U ratios greater than 0.4, 10 zircon grains exhibit Th/U ratios less than 0.1. 
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Fig. 11. : The fields of zircon compositions used as discriminants for different rock types 
(after Belousova et al., 2002). Ce/Ce* = 2*(Ce/0.808)/[(La/0.31) + (Pr/0.122)], Eu/Eu* = 
2*(Eu/0.0735)/[(Sm/0.195) + (Gd/0.259)]. Chondrite REE values are after Boynton (1984). 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 12.  : (A) Epsilon Hf vs. U–Pb age of the detrital zircons; (B) histograms of zircon Hf 
model age. 
  
Fig. 13. : Precambrian age distributions from the Tarim and other cratons around the world. 
Data cited from [1–20]: [1] Shu et al. (2010); [2] Xiang and Shu (2010); [3] Yu et al. (2008); 
[4] Harley and Black (1997); [5] Mishra et al. (1999); [6] Boger et al. (2000); [7] Jayananda et 
al. (2000); [8] Fitzsimons (2000); [9] Kelly et al. (2002); [10] Carson et al. (2002); [11] 
Mondal et al. (2002); [12] Hokada et al. (2003); [13] Hokada et al. (2004); [14] Gehrels et al. 
(2003); [15] Griffin et al. (2004); [16] Veevers et al. (2005); [17] Ireland et al. (1998); [18] 
Berry et al., 2001 R. Berry, G.A. Jenner, S. Meffre and M.N. Tubrett, A North American 
provenance for Neoproterozoic to Cambrian sandstones in Tasmania?. Earth Planet. Sci. 
Lett.,  192  (2001), pp. 207–222. Berry et al. (2001); [19] Rino et al. (2004); and [20] Condie 
et al. (2009) 
  
 
 
 
 
